Cementoblastoma: an updated analysis of 258 cases reported in the literature ABSTRACT Purpose. To investigate the recurrence rate of cementoblastomas for different variables aside from the clinical/radiologic features.
INTRODUCTION
A cementoblastoma is a benign neoplasia characterized by the formation of cementumlike tissue in connection with the root of a tooth. The tumor consists of a rounded or nodular mass attached to one or more tooth roots, the criterion which differentiates the cementoblastoma from an osteoblastoma (WHO, 2005) . Cementoblastoma is considered to be a relatively rare lesion. The epidemiological study of such lesions is of great importance because it provides information that can improve the diagnostic accuracy and allows pathologists and surgeons to make informed decisions and refine the treatment plan to optimize the clinical outcome.
Different protocols for cementoblastoma treatment have been advocated in the literature, but no systematic review about this topic has been performed. The aim of the present study was to integrate the available data published in the literature on cementoblastoma into an updated comprehensive comparative analysis of their clinical and radiologic features, and investigate the probability of recurrence of the tumor for different variables and treatment approaches.
MATERIALS AND METHODS
This study followed the PRISMA Statement guidelines (Moher et al., 2009) . A review M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 5 obtained. Disagreements were solved by discussion between the authors. The clinical and radiological aspects, as well as the histological description of the lesions reported by the publications were thoroughly assessed by one of the authors of the present study, who is expert in oral pathology (R.S.G.), in order to confirm the diagnosis of cementoblastoma.
Data extraction
The authors independently extracted data using specially designed data extraction forms.
Disagreements were solved by discussion. For each of the identified studies included, the following data were then extracted on a standard form, when available: year of publication, number of patients, patient's sex, age and race, follow-up period, duration of the lesion previously to treatment, lesion location (maxilla/mandible), anterior/posterior location (three lesions in the molars/retromolar region), recurrence, time between treatment and recurrence, lesion size, perforation of cortical bone, expansion of the osseous region adjacent to the tumor, presence of clinical symptoms, vitality of the tooth associated with the lesion, displacement (or lack of eruption) of a tooth because of the lesion, inferior displacement of the mandibular canal due to grow of the lesion, root resorption of the tooth involved, treatment performed (excision, partial resection, resection with continuity, other), and maintenance or not of the tooth associated with the lesion. The lesion size was determined according to the largest diameter reported in the publications. Contact with authors for possible missing data was performed.
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Analyses
The mean, standard deviation (SD), and percentages were presented as descriptive statistics. Kolmogorov-Smirnov test was performed to evaluate the normal distribution of the variables, and Levene's test evaluated homoscedasticity. The performed tests for two independent groups were Student's t-test or Mann-Whitney test, depending on the normality.
Pearson's chi-squared or Fisher's exact tests were used for categorical variables, depending on the expected count of events in a 2x2 contingency table. The probability of recurrence was calculated for four variables, in odds ratio (95% confidence interval). These four variables were 'preservation of the involved tooth', 'expansion of the osseous region adjacent to the tumor', 'perforation of cortical bone', and 'lesion location (maxilla/mandible)'. The degree of statistical significance was considered p < 0.05. All data were statistically analyzed using the Statistical Package for the Social Sciences (SPSS) version 23 software (SPSS Inc., Chicago, IL, USA).
RESULTS
Literature search
The study selection process is summarized in Figure 1 The excluded studies did not have enough clinical, radiological and histological information to confirm the diagnosis of cementoblastoma. Thus, a total of 141 publications were included in the review.
Description of the Studies and Analyses
Some studies reporting series of odontogenic tumors and including cementoblastomas were found, but their cases were not included here due to lack of enough clinical, radiological and histological information to confirm the diagnosis of cementoblastomas. These include, for example, Ross et al. (Ross et al., 1973) (Abrams et al., 1974; Adkins and Monsour, 1973; Agrawal et al., 2014; Ahmad et al., 2014; Aiyer and Rajagopal, 2000; Anjum and S., 2014; Anneroth et al., 1975; Assis et al., 2014; Astacio and Mendez, 1974; Baart et al., 1991; Barker et al., 2009; Baughman, 2004; Berwick et al., 1990; Biggs and Benenati, 1995; Brannon et al., 2002; Brocheriou et al., 1979; Buyukkurt et al., 2010; Calb et al., 1998; Caliskan et al., 2016; Cannell, 1991; Carrion Zabarain et al., 1985; Cavadini and Cambiaggi, 1977; Cherrick et al., 1974; Collins and Asturias, 2011; Corio et al., 1976; Costa et al., 2016; Costa et al., 2011; Costa et al., 2012; Cundiff, 2000; Curran and Collins, 1973; da Costa Lomar, 1974; Dadhich and Nilesh, 2015; Damm, 2015; de Yamaguchi et al., 1990; Yamasaki et al., 1977; Yasui et al., 1995; Yoshida et al., 1993; Zachariades et al., 1985; Zaitoun et al., 2007; Zanda et al., 2012) included in the present review.
The mean age of the patients was 23.6 years, and women were affected at a higher mean age than men, even though the difference was not statistically significant. Figure 2 shows the distribution of the lesions according to age, with a high prevalence in the second and then third decades of life. The patients were aware of the lesion for a mean±SD of 16.6±20.3 months (min-max, 1-96; n=107) before seeking treatment. There was no sex predilection. The race was reported for 149 patients. Fifty-eight cases (38.9%) occurred in whites, 33 in Asians, 23 in Indians, 16 in blacks, 6
in Hispanics, 4 in Turks, 3 in Persians, and 6 in others. The lesions were more prevalent in the mandible in comparison to the maxilla (ratio 3.4:1), and at the posterior region in comparison to the anterior region of the jaws (Figure 3) , with the highest occurrence in the region of the mandibular first molars. Only a few cases (n=6) were reported in incisors. The lesions were usually associated with expansion of osseous region adjacent to the tumor (74.9%) and presence of clinical symptoms (70.2%). Few cases (n=4) were purely radiolucent. Almost 80% of the teeth that were associated with the lesion presented vitality, nearly 60% of the teeth involved presented root resorption, and there was displacement or lack of eruption of a tooth because of the lesion in about 13% of the cases. About 16% of the lesions showed signs of cortical bone perforation, and there was inferior displacement of the mandibular canal due to growth of the lesion in 23.6% of the cases in the mandible. The mean±SD lesion size was 2.2±1.1 cm (minmax, 0.5-8.0; n=184). Table 2 shows the recurrence rate according to some variables. Recurrences occurred only when the lesions were treated by excision, but this also was the most common treatment performed. The preservation of the involved teeth and the location of the lesion (maxilla/mandible) seem to not influence the recurrence rate. However, cementoblastomas tended to have a statistically significantly higher recurrence rate when the lesions were associated with expansion of osseous region adjacent to the tumor and when there was perforation of the cortical bone adjacent to the lesion. There was a 687% higher probability (odds ratio 7.875; p = 0.048) of recurrence for lesions associated with bone expansion in comparison to those with no bone expansion, and a 217% higher probability (odds ratio 3.173; p = 0.023) of recurrence for lesions presenting cortical bone perforation in comparison to those not presenting perforation of the adjacent cortical bone.
DISCUSSION
The present review of the literature revealed that cementoblastoma is a rare lesion, with less than 300 cases described in the literature. The great majority of the cases described appear as isolated case reports or reports of a small series of cases. The lesion presents no sex predilection, M A N U S C R I P T
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and it mostly occurs in the second and third decades of life. It appears that incisor involvement by cementoblastoma is extremely rare, with only 6 cases being previously reported. On the other hand, the most involved tooth was the mandibular first molar, with approximately 40% of all cases. Radiographically, most cementoblastomas exhibit a central opacity surrounded by a radiolucent halo, but they rarely may be purely radiolucent (Brannon et al., 2002; Eversole et al., 1973; Langdon, 1976) . When the intimate relation with roots is present, the radiographic picture is nearly pathognomonic .
Some cases have exhibited signs of local aggressiveness and destruction, including bony expansion, perforation of cortical plates, displacement of adjacent teeth, maxillary sinus involvement, invasion of pulp chamber and root canals, and extension to and incorporation of adjacent teeth. Although about 60% of the cases reviewed here showed root resorption of the involved teeth, the authors of the present study believe that that the prevalence can nearly reach However, the literature has also shown that retaining the tooth by means of the aforementioned therapy has ultimately ended with subsequent extraction of the endodontically treated tooth (Adkins and Monsour, 1973; Wiggins and Karian, 1975) . Even though the present results suggest that the preservation of the involved teeth seems to not influence the recurrence rate, it is M A N U S C R I P T
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difficult to say whether this may truly reflect the reality. As most of the lesions were treated in the same way (excision), the analysis of the best therapeutic approach was impaired.
Expansion of the osseous region adjacent to the tumor seems to be associated with a higher recurrence rate in comparison to the lesions with no bone expansion, as well as perforation of cortical plates in comparison to those not presenting this change. Future studies should address whether tooth preservation would not be appropriate in cases presenting the aforementioned alterations.
The study of Brannon et al. (Brannon et al., 2002) , reported a high recurrence rate (37.1%) in their series, and the authors did not suggest the reasons of such high recurrence. They also reviewed the literature and came up with 69 cases with follow-up data, with a 21.7% recurrence rate. However, the consensus among investigators is that the cementoblastoma is a benign neoplasm with unlimited growth potential but with little tendency to recur. The results of the present review, including a greater amount of lesions, are more consistent with a lower recurrence rate (11.8%).
The results of the present study have to be interpreted with caution because of its limitations. First, all included studies were retrospective reports, which inherently results in flaws, manifested by the gaps in information and incomplete records. Second, many of the cases have a short follow-up, which could have led to an underestimation of the actual recurrence rate, because a longer follow-up period can lead to an increase in the recurrence rate. However, it is hard to define what would be considered a short follow-up period to evaluate the recurrence of cementoblastomas. Third, the great majority of the cases described were published as isolated case reports or small case series.
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CONCLUSIONS
The recurrence rate of cementoblastomas was 11.8%. The preservation of the involved teeth and the location of the lesion seem to not influence the recurrence rate, but there was a high probability of recurrence for lesions associated with bone expansion and presenting cortical bone perforation.
ACKNOWLEDGEMENTS
The authors would like to thank Dr. Gurkan Rasit Bayar and Dr. Frederico Sampaio Neves, who provided us their articles. We also would like to thank the librarians of Malmö University, who helped us to obtain some articles.
Declaration of conflicting interests
There are no conflicts of interest to declare.
Funding/grant support
This research received no specific grant from any funding agency in the public, commercial, or not-for-profit sectors. 
